ANISOTROPIC WET ETCHING OF SILICON 



CROSS REFERENCE TO RELATED APPLICATION 

This application is based on and claims priority of Japanese Patent 
Application No. 2003-032196 filed on February 10, 2003, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

A) FIELD OF THE INVENTION 

The present invention relates to wet etching for selectively and 
anisotropically etching a silicon substrate with alkali etchant. 

B) DESCRIPTION OF THE RELATED ART 

It is known for wet etching of this kind that a lamination layer of a 
silicon oxide film and a silicon nitride film (hereinafter called a silicon nitride / 
silicon oxide lamination layer) is used as an etching mask in order to prevent 
permeation of alkali etchant (for example, refer to Japanese Patent Laid-open 
Publication No. 2000-114248). 

According to the studies by the present inventor, it has been found 
that when wet etching is performed by forming a rectangular mask opening 
through a silicon nitride / silicon oxide lamination layer, the etched silicon region 
is not rectangular or cracks are formed in the silicon nitride / silicon oxide 
lamination layer, in some cases. 

Figs. 9 and 10 illustrate the main processes of silicon wet etching in 
association with the inventor's studies. 

In the process shown in Fig. 9, an etching mask 5 is formed on one 
principal surface of a silicon substrate 1 made of single crystal silicon. An 
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etching stopper film 2 is formed on the other principal surface of the substrate 1 . 
In forming the etching mask 5, after a silicon oxide film 3 is formed on the 
substrate surface by thermal oxidation, a silicon nitride film 4 is deposited on the 
silicon oxide film 3 by chemical vapor deposition (CVD). The silicon nitride / 
5 silicon oxide lamination layer of the films 3 and 4 are selectively dry etched to 
form a rectangular mask opening 4A to form an etching mask 5 made of the left 
silicon nitride / silicon oxide lamination layer. For example, the etching stopper 
film 2 is made of a silicon oxide film formed by thermal oxidation. If the etching 
stopper film is used as a membrane or the like, layers of various configurations 
10 can be used, such as depositing a silicon nitride layer on the silicon oxide film by 
CVD. 

In the process shown in Fig. 10, by using the etching mask 5 having 
the mask opening 4A, the substrate 1 is selectively and anisotropically etched to 
the surface of the etching stopper film 2 with alkali etchant such as tetra-methyl- 

15 ammonium-hydroxide (TMAH) to form a substrate opening 1A. 

Fig. 1 1 is a diagram of the substrate shown in Fig. 10 as viewed 
from the upper side, the cross sectional view of Fig. 10 being taken along line X- 
X' shown in Fig. 1 1 . The inner wall 5a of the mask opening 4A is curved in an 
inner convex shape due to film stress of the etching mask 5 or the inner wall 1a 

20 of a substrate opening 1A is curved in an inner convex shape due to film stress 
applied to the substrate 1, to cause a shape abnormality B. When the film stress 
is large, a crack is formed in the etching mask 5 (particularly the silicon nitride 
film 4) to cause a crack abnormality A. 

25 SUMMARY OF THE INVENTION 

An object of this invention is to provide novel wet etching capable of 
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preventing the above-described abnormalities A and B. 

According to one aspect of the present invention, there is 
provided a wet etching method comprising the steps of: forming a silicon nitride 
film on a silicon oxide film formed on one principal surface of a silicon substrate, 
5 a thickness To of the silicon oxide film and a thickness T N of the silicon nitride 
film being set to have a film thickness ratio To/T N of 1.25 or larger; selectively 
etching a lamination layer of the silicon oxide film and the silicon nitride film to 
form an etching mask made of a left region of the lamination layer; and 
selectively and anisotropically etching the silicon substrate with alkali etchant by 

10 using the etching mask. 

By setting the film thickness ratio To/T N of the thickness T 0 of the 
silicon oxide film to the thickness T N of the silicon nitride film of the lamination 
layer to 1.25 or larger, the film stress balance of the lamination layer becomes 
good so that the shape abnormality and crack abnormality can be prevented. It 

15 is practically preferable to set the film thickness ratio T 0 /T N in a range from 1 .60 
to 3.21. 

According to another aspect of the present invention, there is 
provided a wet etching method comprising the steps of: forming a silicon nitride 
film on a silicon oxide film formed on one principal surface of a silicon substrate; 

20 selectively etching a lamination layer of the silicon oxide film and the silicon 

nitride film to form a mask opening through a partial region of the lamination layer 
and to form an etching mask made of a left region of the lamination layer; after or 
before the etching mask is formed, forming a film stress relaxing groove partially 
in the silicon nitride film, the film stress relaxing groove relaxing film stress 

25 applied to the mask opening; and selectively and anisotropically etching the 
silicon substrate with alkali etchant by using the etching mask. 
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As the film stress relaxing groove is formed partially in the silicon 
nitride film of the silicon nitride / silicon oxide lamination layer constituting the 
etching mask, film stress applied to the mask opening and silicon substrate can 
be relaxed so that the shape abnormality and crack abnormality can be 
5 prevented. It is practically preferable to form one or more of the film stress 
relaxing film surrounding the mask opening. 

As above, when a silicon substrate is selectively and anisotropically 
etched with alkali etchant, it is possible to suppress the deformation of the etched 
shape or cracks in the etching mask due to film stress, by setting the film 
10 thickness ratio T 0 /T N of the thickness T 0 of the silicon oxide film to the thickness 
T N of the silicon nitride film of the lamination layer to 1 .25 or larger, or by forming 
the film stress relaxing groove partially in the silicon nitride layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a cross sectional view illustrating a process of forming an 

etching mask material layer to be used when wet etching is performed, according 
to an embodiment of the invention. 

Fig. 2 is a cross sectional view illustrating a film stress relaxing 
groove forming process following the process shown in Fig. 1. 
2 0 Fig. 3 is a cross sectional view illustrating an etching mask forming 

process following the process shown in Fig. 3. 

Fig. 4 is a cross sectional view illustrating an etching process 
following the process shown in Fig. 3. 

Fig. 5 is a top view of the substrate shown in Fig. 4. 
25 Fig. 6 is a top view of a film stress relaxing groove according to a 

first modification. 
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Fig. 7 is a top view of a film stress relaxing groove according to a 
second modification. 

Fig. 8 is a top view of a film stress relaxing groove according to a 
third modification. 

5 Fig. 9 is a cross sectional view illustrating an etching mask forming 

process in association with the inventor's studies. 

Fig. 10 is a cross sectional view illustrating an etching process 
following the process shown in Fig. 9. 

Fig. 1 1 is a top view of the substrate shown in Fig. 10. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs 1 to 4 are cross sectional views illustrating the main processes 
of wet etching according to an embodiment of the invention. 

In the process shown in Fig. 1 , on one principal surface of a silicon 

15 substrate 10 made of single crystal silicon, an etching mask material layer is 
formed which is a lamination layer of a silicon oxide (Si0 2 ) film 14 and a silicon 
nitride (SiN) film 16. On the other principal surface of the substrate 10, an 
etching stopper film 12 made of, for example, SiN is formed with a buffer oxide 
film being interposed therebetween. The silicon substrate 10 has a thickness of, 

20 for example, 450 - 600 pm in case of 6-inch wafer, and 600 -850 pm in case of 8- 
inch wafer. 

In forming the etching mask material layer, after the Si0 2 film 14 is 
formed, for example, by thermal oxidation, the SiN film 16 is deposited on the 
Si0 2 film 14 by low pressure thermal CVD. The conditions of the thermal 
25 oxidation process for the Si0 2 film 14 may be, for example: 

Gas flow rate: N 2 /0 2 =18/10 [in the unit of l/min] 
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Substrate temperature: 1025 [°C] 

The conditions of the low pressure thermal CVD process for the SiN 
film 16 may be, for example: 

Gas flow rate: SiH 2 CI 2 / NH 3 (or NH 3 + N 2 ) = 0.05 to 6 / 0.5 to 6 

5 [l/min] 

Reaction chamber pressure: 60 [Pa] 

Substrate temperature : 700 to 800 [°C] 

In the process shown in Fig. 2, a selective dry etching process 
using a resist layer 18 as a mask is performed to form a film stress relaxing 
10 groove 16A having a plan pattern shown in Fig. 5 in the SiN film 16. The plan 
pattern of the groove 16A shown in Fig. 5 shows about a half of it, and the whole 
pattern is a lattice pattern surrounding predetermined rectangular areas. 

The conditions of the dry etching process for parallel plate type 
plasma etching may be, for example: 
15 Gas:SFe/He 

Reaction chamber pressure: about 0.50 [Torr] 

The conditions of the dry etching process for plasma down-flow 
etching may be, for example: 

Gas: SFe/He 

2 0 Reaction chamber pressure: about 0.20 [Torr] 

After the dry etching process, the resist layer 18 is removed by a 
well known manner. 

In the process shown in Fig. 3, by using a resist layer 20 as a mask, 
the lamination layer of the Si0 2 film 14 and SiN film 16 (silicon nitride / silicon 
2 5 oxide lamination layer) is selectively dry etched to form a mask opening 22 

having a rectangular plan pattern shown in Fig. 5 and to leave an etching mask 
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24 made of the unetched lamination layer of the films 14 and 16. The mask 
opening 22 has a shape corresponding to a desired diaphragm. For example, 
the mask opening 22 has four sides parallel to those of the rectangular area 
surrounded by the groove 16A. 

The conditions of the dry etching process for parallel plate type 
plasma etching may be, for example: 

Gas: CF4/O2 

Reaction chamber pressure: about 1.0 [Torr] 
The conditions of the dry etching process for magnetron reaction 
ion etching (RIE) may be, for example: 
Gas: CF4/CHF3/N 2 

Reaction chamber pressure: about 0.25 [Torr] 
The conditions of the dry etching process for narrow gap electrode 
RIE may be, for example: 

Gas: CF^CHFs/He 

Reaction chamber pressure: about 0.15 [Torr] 

After the dry etching process, the resist layer 20 is removed by a 
well known method. The selective dry etching process shown in Fig. 3 may be 
performed prior to the selective dry etching process shown in Fig. 2. 

In the process shown in Fig. 4, by using the etching mask 24, the 
substrate 10 is selectively and anisotropically etched with alkali etchant to form a 
substrate opening 10A. The substrate opening 10A may reach the etching 
stopper film 12 or a silicon region having a predetermined thickness on the 
etching stopper film 12 may be left as indicated by a broken line 10S. 

The alkali etchant may be TMAH or potassium hydroxide (KOH), 
both at a density of about 25 [%] and a liquid temperature of about 90 [°C]. The 
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density is preferably slightly low because if the density is high, the surface of 
etched silicon becomes much more rough. However, if the density is too low, the 
etching rate lowers and the process time prolongs. 

The following Table 1 shows whether or not each sample had the 
5 abnormalities A and B (refer to Fig. 11) after the wet etching process shown in 
Fig. 4 for 15 hours using, as the etchant, TMAH at the density of 22 [%] and a 
liquid temperature of 90 [°C]. 

Table 1 

10 Sample No. 1 2345 678 9 
Thickness 

T N (mm)of 280 280 280 310 200 280 310 170 140 
SiN film 

15 Thickness 

T 0 (nm) of 50 200 350 350 450 450 450 450 450 Si0 2 film 
Total 

Thickness 330 480 630 660 650 630 760 620 590 
20 T=T 0 + T N 

Film 

thickness 0.17 0.71 1.25 1.12 2.25 1.60 1.45 2.64 3.21 
Ratio 
25 R = Tq/Tn 
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Without 

Abnormal AOOOxOOAOO 
Without 

5 Abnormal BxAO AOOOOO 

Table 1 shows a thickness T N [nm] of the SiN film 16, a thickness 
To of the Si0 2 film 14, a total thickness T = To + T N and a film thickness ratio R = 
T 0 /T N of each sample. A circle symbol indicates that there is abnormality, a 
cross symbol indicates there is no abnormality and a triangle symbol indicates 

10 that there is slight abnormality to the extent that it will not adversely affect the 
performance of the device. 

It can be understood from Table 1 that the samples #3, #5, #6, #8 
and #9 have neither the abnormality A nor the abnormality B and that the film 
thickness ratio R is required to be 1.25 or higher. At R = 1.45, although the 

15 abnormality A is recognized slightly, this abnormality A occurs outside of the 
etched area so that the device performance does not pose any problem and the 
device can be used in practice. In the range from R = 1.60 to 3.21 , no 
abnormality and rejection are recognized. At R larger than 3.21, it takes a long 
time to form the Si0 2 film 14, resulting in the disadvantage of cost. It is therefore 

20 preferable to set R in the range of 1 .25 (more preferably 1 .60) < R < 3.21 . 

If the thickness T 0 of the Si0 2 film 14 is thin, then the ratio R 
becomes small assuming that T N is constant. If R becomes smaller than 1 .25, it 
is not preferable. If T 0 is thin, it can be considered that stress in the silicon 
nitride film is likely to be applied to the substrate 10 and that stress relaxation in 

25 the substrate becomes insufficient to be likely to generate the abnormality B. If 
T 0 is thin, the film forming time prolongs, resulting in the disadvantage of cost. It 
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is therefore preferable to set T 0 in the range of 350 [nm] < T 0 < 450 [nm]. 

If the thickness T N of the SiN film 16 is thicker than 300 [nm] 
(sample #4), the abnormality A is likely to occur. The thickness T N is therefore 
preferably thin. If T N is thinner than 140 [nm], it is necessary to make the Si0 2 
5 film 14 thinner in order to set R to 3.21 or smaller. In such a case, there may 
arise problems as follows, (a) When the thickness of Si0 2 film is too thin, the 
effect of stress release becomes insufficient, to allow generation of abnormality 
B. (b) When the thickness of SiN film is too thin, the SiN film may be wounded 
during the handling of the wafer. Then, the Si0 2 film may be etched through the 

10 wound during wet etching, to allow generation of abnormalities A and B. It is 
therefore preferable to set T N in the range of 140 [nm] < T N < 300 [nm]. Taking 
the productivity and cost into consideration, T N is preferably set in the range of 
170 [nm] < T N < 280 [nm]. 

Figs. 4 and 5 show the substrate opening 10A and etching mask 24 

15 without the abnormalities A and B. The SiN film 16 has no crack abnormality A. 
The shape abnormality B with an inner convex curved shape is not formed at the 
inner wall 22a of the mask opening 22 and the inner wall 10a of the substrate 
opening 10A. 

In the above-described embodiment, if the area of the substrate 
2 0 opening 10A is small, the balance of film stress is good so that the film stress 
relaxing groove 16A may be omitted. Namely, after the process shown in Fig. 1 
is executed, the process shown in Fig. 3 can be executed by omitting the process 
shown in Fig. 2. In this case, the abnormalities A and B can be avoided only by 
setting the thicknesses of the Si0 2 film 14 and SiN film 16 so that the ratio R = 
2 5 T 0 /T N of the thickness of the Si0 2 film to the thickness of the SiN film 1 6 
becomes 1 .25 or larger. 
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Figs. 6 to 8 show first to third modifications of the film stress 
relaxing groove. In these Figures, like elements to those shown in Figs. 1 to 5 
are represented by using identical reference symbols and the detailed description 
thereof is omitted. 

5 In the example shown in Fig. 6, in a rectangular silicon chip area 

surrounded by a scribe area 26, a rectangular substrate opening 10A is formed. 
Stress is likely to concentrate on the corners of the rectangular substrate opening 
10A. A rectangular film stress groove 16A is formed in an SiN film 16. The 
rectangular film stress relaxing groove 16A surrounds the substrate opening 10A, 

10 and the four sides of the rectangular film stress relaxing groove 16A are not 

parallel to the four sides of the substrate opening 10A but parallel to the diagonal 
directions of the substrate opening 1 0A. The width W of the groove 1 6A can be 
set to 10 [|jm] or wider, and the distance D between each corner of the substrate 
opening 10A and a corresponding side of the groove 16A can be set to 100 [pm] 

15 or longer. 

In the example shown in Fig. 7, a circular ring-shaped film stress 
relaxing groove 16A is formed surrounding a substrate opening 10A. In the 
example shown in Fig. 8, four film stress relaxing grooves 16A to 16D are formed 
surrounding a substrate opening 10A and in correspondence with the four 
2 0 corners of the substrate opening 1 0A. 

In all of the examples shown in Figs. 6 to 8, since the film stress 
relaxing groove is formed near the four corners of the substrate opening 10A, 
concentration of stress upon the corners can be suppressed. 

The present invention has been described in connection with the 
2 5 preferred embodiments. The invention is not limited only to the above 

embodiments. It will be apparent to those skilled in the art that other various 
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modifications, improvements, combinations, and the like can be made. 
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